Remote Control: The Brain and Beyond
A Pathway for Pleasure Seeking
Controlling animal behavior remotely by activating specific neurons is clearly a useful technique. But what happens when you hand over the remote control to the animal in question? Bonci, Stuber, and colleagues do just that to investigate the function of neural pathways and brain centers thought to be involved in reward and addiction. Taking advantage of optogenetics, they express a light-sensitive ion channel in the glutamatergic neurons connecting the basolateral amygdala, which is involved in emotional learning, with the nucleus accumbens, a region that is known to play a role in reward signaling. The mice are fitted with a fiber-optic device that allows them to control the illumination and resulting activation of these neurons using nose pokes. Stimulating this neural connection leads the mice to more persistently seek out further light pulses. Effectively, the mice become addicted to turning on the light and do so in the absence of any external chemical rewards such as a drug or food.
This process requires D1-type dopamine receptor signaling in the nucleus accumbens, consistent with previous studies showing that dopamine plays a role in reward signaling. Conversely, transiently inhibiting the same neurons reduces the tendency of mice to seek out a sugar reward that has been paired with an audiovisual cue. Activation of a different glutamatergic pathway onto the nucleus accumbens fails to induce reward seeking, confirming that the connection from the basolateral amygdala plays a highly specific role in this process. Overall, the experiments suggest that the amygdala, which is involved in the learning of both positive and negative stimuli, conveys a specifically positive message to the nucleus accumbens. Importantly, they also demonstrate that this pathway is both necessary and sufficient to stimulate pleasure-seeking behavior and is therefore likely to play a crucial role in many forms of addictive behavior.
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Addicted to light. A mouse fitted with a fiber-optic device self-stimulates the pleasure-seeking pathway.
Sleep reduces the complexity of dendritic branches in the Drosophila optic lobe (left, before sleep; right, after sleep).
Learning to Get Along
Male fruit flies can be remarkably aggressive, but they can also learn to live with each other. New work by Rao and colleagues now reveals how flies learn to tolerate their neighbors. Solitary males respond to the odor of other male flies by picking a fight, involving an impressive array of lunges, tussles, and threatening wing gestures. This aggressive display is known to be triggered by a specific odorant in the male cuticle, cis-vaccenyl acetate (cVA), which acts through cVA-sensitive Or67d-expressing olfactory neurons. However, flies that have previously been chronically exposed to other male flies or to cVA fail to become aggressive in response to a new male. We might predict that the flies simply become habituated to the odor; Or67d neurons progressively lose the ability to respond to cVA. However, by selectively blocking olfactory neurons during prior exposure, but not during fighting, Rao and colleagues now show that habituation to male odor does not occur and provide a far more interesting explanation. They show that the reduction in aggressive behavior depends on a second type of cVA-sensitive olfactory neuron that expresses Or65a. These neurons, acting through local interneurons in the antennal lobe, dial down the Or67d-induced aggressive response to cVA. Furthermore, activating Or65a neurons using a thermosensitive ion channel is sufficient to reduce fighting between previously solitary males. Thus, two different neuronal subtypes responding to the same odorant across different timescales mediate opposite behavioral effects and act together to mediate social control of aggression. Liu, W., et al. (2011). Nat. Neurosci. 14, 896-902. 
